1. INTRODUCTION: PATH AND SHAPE VARIATIONS IN THE WILSON LOOP SPACE
Loop space consists of colorless gauge invariant field functionals-expectation values of the products of n Wilson loops [1, 2] , defined, in general, in the manifold of arbitrary integration paths {Γ i }:
(1)
The gauge fields Ꮽ µ belong to the fundamental repre sentation of non Abelian gauge group SU(N c ). Although the Wilson loops (2) are gauge invariant, their definition gives rise to the functional dependence on path and to the additional singularities due to non trivial behavior in vicinity of obstructions, cusps or self intersections. Moreover, the renormalization and conformal properties of the Wilson loops possessing light like segments (or lying completely on the light cone) are known to be more intricate than those of the Wilson loops defined on off light cone integration contours. Therefore, study of the geometrical and dynamical properties of the loop space which can include, in general case, cusped light like Wilson exponentials, will provide us with fundamental infor mation on the renormalization group behavior and evolution of the various gauge invariant quantum cor relation functions.
Finding an appropriate and complete set of equa tions of motion in the loop space is not straightfor ward. It is known that the Wilson loops obey the non 1 The article is published in the original. However, the MM equations in the form (2) with the differential operations (5, 6) do not take into account possible discontinuities of the slope of the integration trajectories on which the Wilson loops are defined. In 2 Another definition of the area derivative is also possible which had been used in, e.g., [5] to address the similar problems from an alterna tive point of view. Abstract-Gauge invariant hadronic and vacuum correlation functions in QCD contain the systems of Wil son lines and loops having complicated geometrical structure. Path dependence propagates, therefore, into such important properties of the quantum correlators as the renormalization group behaviour, light cone peculiarities, evolution, etc. In the present paper, I briefly overview several instructive examples of the man ifestations of the structure of paths in the hadronic and vacuum correlation functions with explicit transverse momentum/distance dependence. In particular, the transverse momentum dependent (TMD) parton den sities and the skewed jet quenching parameter in Euclidean and Minkowski space time are addressed. DOI: 10.1134/S1063779614040042 our recent works [6] we developed an approach which allows one to apply the Schwinger method to certain classes of the cusped loops (partially) lying on the light like rays. The loops of this kind occur, in the first place, in investigation of the duality between the ngluon scattering amplitudes and n-polygonal Wilson loops in ᏺ = 4 super Yang-Mills theory [7] . More over, analogous light like configurations arise in the soft parts of transverse momentum dependent PDFs (see the next Section). In order to describe the shape variations of such Wilson loops which correspond to the classically conformal invariant transformations, we proposed an evolution equation which is valid for the planar light like Wilson rectangular loops, Fig. 1 : (7) where the area differentials are defined in the trans verse = 0:
so that the only allowed shape variation are presented in Fig. 1 . The area logarithmic derivation operator then reads
The r.h.s. of Eq. (7) is defined by the sum of the light cone cusp anomalous dimensions. The latter appears to be a fundamental ingredient of an effective quan tum action for the Wilson loops with discontinuities of the slope. Eq. (7) suggests, in fact, the duality of the energy (or rapidity, e.g., in the TMD case) evolution and geometrical shape variations of the underlying paths. We made, therefore, a few steps in understand ing of the relationship between the geometrical prop erties of the loop space in terms of the area differential evolution equations, from one side, and the dynamics accumulated in the cusps-the angles between the light like straight lines, from another side. Thus, in the loop space, the (external) dynamics can be taken into account by introducing the obstructions to the initially smooth loops, with those obstructions resembling the sources within the Schwinger field theoretical picture. We have demonstrated that the universal Schwinger quantum dynamical principle is a useful tool to study some special classes of the elements of the loop space, in particular, the cusped Wilson exponentials (null polygons) on the light cone.
STRUCTURE OF PATHS IN TRANSVERSE MOMENTUM DEPENDENT PARTON DENSITIES
In this section we address a bit more complicated systems of the Wilson lines, namely those which enter the operator definitions of the fully gauge invariant
TMDs. These object arise naturally in the QCD fac torisation approach to semi inclusive hadronic pro cesses, such as SIDIS, Drell-Yan, etc. In the classical deep inelastic lH → l'X scattering experiments, by measuring the momentum of the outgoing lepton l', we learn about the longitudinal distribution of partons inside the nucleon. In a reference frame where the nucleon moves (infinitely) fast, this information is accumulated in the parton distribution functions (PDFs) f a (x, Q 2 ) in terms of the partonic degrees of freedom: e.g., the Bjorken variable x Bj relates to the fraction of the longitudinal momentum P of the parent hadron possessed by a parton of the flavor a. Such col linear (integrated) PDFs can be properly defined as completely gauge invariant (nonperturbative) had ronic matrix elements (10) with the renormalization group properties controlled by the DGLAP evolution equations (for review and Refs. see [8] ). The light cone components of a four vector a μ are
Note that the implicit dependence on the light like vectors n ± is understood in this definition. Generic semi infinite Wilson lines evaluated along a given four vector w are defined as (11) where, in the case under consideration, the vector w can be either light like w L = n 
